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ABSTRACT
Daily  growth increments  from o t o l i t h s  of the  mummichog, Fundulus 
h e t e r o c l i t u s  were compared from h a b i t a t s  of  d i f f e r e n t  s a l i n i t y  
reg im es .  Biweekly c o l l e c t i o n s  were made a t  four  s t a t i o n s  in  both 
B lev ins  ( p o ly h a l in e )  and Goalders ( o l i g o h a l i n e )  c reeks  w i th in  the  
York River e s t u a r y ,  V i r g i n i a .  This sampling des ign  enabled the  
comparison o f  growth r a t e s  w i th in  and between c r e e k s .  L inea r  
r e g r e s s i o n s  o f  leng th  v s .  a d ju s t e d  age were computed f o r  samples from 
each of  the  e i g h t  s t a t i o n s .  A n a ly s i s  of covar iance  i n d i c a t e d  t h a t  
t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in  th e  r e g r e s s i o n  l i n e s  when 
d a ta  were grouped to  compare among c reek  growth r a t e s .  Pooled d a ta  
from each c reek  were then compared, and no s i g n i f i c a n t  d i f f e r e n c e s  in  
l i n e s  were d e t e c t e d .
A mark and r e c a p t u r e  s tudy was under taken  to  dete rmine  th e  home 
range of  Fundulus h e t e r o c l i t u s  w i th in  B lev ins  c re e k .  The m a jo r i t y  of  
i n d i v i d u a l s  in  the  p o p u la t io n  e x i b i t e d  a home range of l e s s  than 30 
mete rs  along th e  c reek  bank.
A COMPARISON OF DAILY GROWTH RATES OF THE MUMMICHOG, 
FUNDULUS HETEROCLITUS IN HABITATS OF DIFFERENT 
SALINITY REGIMES
INTRODUCTION
The mummichog, Fundulus h e t e r o c l i t u s . i s  a common c y p r in id o n t id  
f i s h  found along the  A t l a n t i c  coas t  of the  United S t a t e s ,  where i t  i s  
one of the  most abundant spec ie s  of f i s h  in  shal low e s t u a r i n e  w a t e r s .  
I t s  l i f e  h i s t o r y  has been documented by Bigelow and Schroeder (1953) ,  
Schmeltz (1964) and F r i t z  and Garside (1975).
Mummichogs a r e  abundant a t  v i r t u a l l y  a l l  s a l i n i t i e s ,  occur ing 
over a broad range of  shallow h a b i t a t s  in  the  e s tu a ry  (Tagatz  and 
Dudley,  1961; deSylva e t  a l . ,  1962; Keup and B a y l i s s ,  1964; Taga tz ,  
1968; Samaritan and Schmidt, 1982),  and a re  one of the  few f i s h e s  
t h a t  r e s i d e  in  the  marsh year-round (Nixon and O v ia t t ,  1973; Cain and 
Dean, 1976; Hoff and I b a r a ,  1977; Rneib and S t iv en ,  1978; and 
W eins te in ,  1979).  The a d a p t a b i l i t y  of the  spec ies  i s  h i g h l i g h t e d  by 
i t s  e u ry h a l in e  n a t u r e .
Fundulus h e t e r o c l i t u s  i s  considered to  be one of the  most 
s t a t i o n a r y  spec ie s  of  marine f i s h e s  (Bigelow and Schroeder,  1953).  
L o t r i c h  (1974) r e p o r t e d  a home range of l e s s  than 36 meters  fo r  
F. h e t e r o c l i t u s  from a t i d a l  creek in Delaware and documents t h i s  
range as be ing r e s t r i c t e d  to  one s ide  of the  c reek .  He f u r t h e r  
sugges ted  t h a t  v a r i a t i o n  in the  length  of home range might e x i s t  over  
th e  f i s h ' s  wide geographic  d i s t r i b u t i o n .  I f  f i s h  a r e  conf ined to  a 
l im i t e d  home range ,  each creek might harbor  a r e s i d e n t ,  d i s t i n c t  
po p u la t io n  which may r e s i d e  in a d i f f e r e n t  phys iochemical regime from 
o th e r  p o p u la t i o n s .
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The h y p o th e s i s  of t h i s  s tudy i s  t h a t  t h e  growth r a t e s  of 
mummichogs w i l l  d i f f e r  between c reeks  w i th  d i f f e r e n t  s a l i n i t y  
reg im es .  F ishes  r e g u l a t e  t h i e r  plasma ions  such t h a t  i n t e r n a l  
osmotic  p r e s s u r e  of t h i e r  body f l u i d s  i s  e q u i v a l e n t  t o  approx im ate ly  
10 ° /o o  s a l i n i t y  (+ 2 ° / o o ) .  A f i s h  t h a t  l i v e s  w i th  a smal l  osmotic  
d i f f e r e n t i a l  might r e q u i r e  l e s s  energy f o r  o sm oregu la t ion  than  those  
t h a t  l i v e  in  a r e a s  t h a t  a r e  h ig h ly  hypo- o r  h ype rosm ot ic .  S tu d ie s  by 
Brocksen and Cole (1972) and Wohlschlag and Wakeman (1978) support  
t h i s  h y p o th e s i s  by r e p o r t i n g  maximum m e ta b o l ic  e f f i c i e n c y  of c e r t a i n  
f i s h e s  a t  s p e c i f i c  s a l i n i t i e s .  Gibson and H i r s t  (1955) r e p o r te d  t h a t  
an i s o t o n i c  s o l u t i o n  ( p h y s i o l o g i c a l l y  s a l i n e  s o l u t i o n )  produced 
b e t t e r  growth than f r e s h w a te r  in  guppies  and Canagavatnam (1959) 
documented t h a t  j u v e n i l e  coho, sockeye and chum salmon a l s o  grew more 
r a p i d l y  in  s a l t w a t e r .
The d i sco v e ry  of d a i l y  growth inc rem ents  i n  th e  o t o l i t h s  of  some 
t e o l o s t  f i s h e s  by P a n e l l a  (1971, 1974) p rov ided  an a c c u r a t e  means fo r  
e s t i m a t i n g  th e  ages of i n d i v i d u a l  f i s h  from which growth r a t e s  were 
o b t a i n e d .  O t o l i t h s  a re  composed of calc ium c a rb o n a te  c r y s t a l s  
p r o j e c t i n g  outwards from a nuc leus  th rough an o rg a n ic  m a t r i x .  Three 
p a i r s  ( s a g i t t a ,  l a p i l l u s ,  and a s t e r i c u s )  a r e  found on each s id e  of 
t h e  s k u l l  in  the  membranous l a b y r i n t h s  in  many f i s h e s .  The s a g i t t a  
a r e  the  l a r g e s t  of th e se  and a r e  among th e  c a c i f i e d  s t r u c t u r e s  in  
f i s h  known to  have annual  growth r i n g s .  The d a i l y  n a t u r e  of o t o l i t h  
growth increments  has  been v e r i f i e d  r e c e n t l y  f o r  l a rv a e  and j u v e n i l e s  
(<40mm) of  s e v e r a l  sp ec ie s  (B ro th e r s  e t  a l . ,  1976; Radtke,  1978,1980; 
Radtke and Waiwood, 1982; Uchiyama and S t r u h s a k e r ,  1981; M i l l e r  and 
S to r k ,  1982; Taubert  and T r a n q u i l l ,  1982; and S i e g f r i e d ,  in  p r e p . ) .
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Radtke (1978) v e r i f i e d  t h a t  d a i l y  growth increments  were p r e s e n t  in  
th e  s a g i t t a l  o t o l i t h s  o f  l a b o r a t o r y - r e a r e d  Fundulus h e t e r o c l i t u s « and 
concluded t h a t  age s t r u c t u r e  and growth r a t e s  of F.. h e t e r o c l i t u s  
could  be dete rmined in  w i ld  p o p u la t i o n s  w i th  d a i l y  increments  in  
o t o l i t h s .
This  s tudy examines t h e  e f f e c t s  of s a l i n i t y  on growth r a t e s  of 
Fundulus h e t e r o c l i t u s  in  i t s  n a t u r a l  environment .  Age e s t i m a te s  were 
o b ta in e d  f o r  i n d i v i d u a l s  by a n a l y s i s  of  d a i l y  growth increments  in  
t h e i r  s a g i t t a l  o t o l i t h s .  These age e s t i m a te s  provided  a more 
a c c u r a t e  means of o b t a i n i n g  a c c u r a t e  age-growth in fo rm a t io n  than 
t r a d i t i o n a l  methods.
The o b j e c t i v e s  of  th e  p r e s e n t  s tudy were:  1) To compare th e  home 
range of Fundulus h e t e r o c l i t u s  in  V i r g in i a  t o  t h a t  of  p re v io u s ly  
s tu d i e d  a r e a s  ( i n  Deleware) and , 2) To compare growth r a t e s  of F. 
h e t e r o c l i t u s  t h a t  a r e  r e s i d e n t  in  two d i f f e r e n t  s a l i n i t y  regimes 
w i t h i n  th e  York River  e s t u a r i n e  system.
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METHODS & MATERIALS
DESCRIPTION OF STUDY AREA
The York River i s  one of V i r g i n i a ' s  t h r e e  major  r i v e r s  which
empty in to  the  Cheasapeake Bay a long i t s  V i rg in i a n  b o r d e r .  The York
2e s tu a r y  covers  about 200 km and ex tends  46 km from th e  Tue Marsh 
l i g h t  to  West P o i n t ,  Va . .  The g e n e r a l  t r e n d  of morphology, 
hydrography, and ecology were d e s c r ib e d  by McHugh (1967) and Boesch 
(1971) .
Two l o c a l i t i e s  w i th  d i f f e r e n t  s a l i n i t y  regimes were s e l e c t e d  f o r  
sampling (F ig .  1) :  1) Goalders  Creek- an o l i g o h a l i n e  t r i b u t a r y  a t  the  
head of  th e  York River e s t u a r y ,  lo c a t e d  in  King and Queen County, Va. 
and , 2) B lev ins  Creek- a p o ly h a l in e  t r i b u t a r y  j u s t  o u t s i d e  the  mouth 
of  th e  York R ive r ,  lo c a t ed  in  th e  Guinea Marshes of G lo u c es te r  
County,  V a . .  Both c reeks  a r e  n a t u r a l  systems,  s i m i l a r  in  l e n g th  and 
dep th ,  and t y p i c a l  o f  th e  ecosystems in  the  a r e a .
FIELD METHODS
Biweekly c o l l e c t i o n s  were made a t  fo u r  s t a t i o n s  in  both B lev ins  
and Goalders  c reeks  from 13 May t o  15 S ep t .  1982. In  B lev ins  creek 
s t a t i o n  1 was lo ca ted  a t  th e  mouth of  the  c r e ek ,  s t a t i o n s  2,  3 ,  and 4 
were l o c a t ed  p r o g r e s s i v e l y  ups t ream  as f a r  as p o s s i b l e .  In  Goalders  
Creek, s t a t i o n s  5, 6,  7 and 8 were e s t a b l i s h e d  in  a s i m i l a r  o r d e r .
A l l  s t a t i o n s  were l o c a t ed  w i th  numbered s tak e s  along the  s h o r e l i n e .
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FIGURE 1. L oca t ion  of  Goalders  and B lev ins  Creeks w i th in  the  














This  des ign  enabled th e  comparison of growth r a t e s  w i th in  and between 
each c re e k .
The s u b s t r a t e  a t  a l l  s t a t i o n s  was s o f t  and s i l t y  p rec lud ing
th e  use  of  any c o l l e c t i n g  d ev ice  o t h e r  than commercially a v a i l a b l e
minnow t r a p s  (5mm mesh) .  J u v e n i l e  f i s h  (<25mm) escaped entrapment ,  
and were c o l l e c t e d  w i th  a d ip  n e t .
S t a t i o n s  were sampled in  t h e  same o r d e r ,  from 1 to  8, and as
c lo se  to  low t i d e  as p o s s i b l e .  Water tem pera tu re  and s a l i n i t y  were 
recorded  a t  each s t a t i o n  w i th  an immersion thermometer and a 
tem pera tu re  compensated r e f r a c t o m e t e r , r e s p e c t i v e l y .
MARK AND RECAPTURE STUDY
Six s i t e s ,  approx im ate ly  30 m ete rs  a p a r t  in  B lev ins  c reek ,  were 
s e l e c t e d  f o r  a mark and r e c a p t u r e  s tu d y .  Fish  were t r a p p e d ,  i n j e c t e d  
subcu taneously  a t  th e  base of  th e  caudal peduncle with  a c r y l i c  dye 
(L o t r i c h  and M ered i th ,  1974) ,  and r e l e a s e d  a t  each of the  s ix  
s t a t i o n s  on 17-22 August .  S t a t i o n s  of o r i g i n a l  marking were 
subsequen t ly  sampled monthly f o r  r e c a p t u r e s  over a l l  t i d a l  s t a g e s .  
F ish  cap tu red  a t  each s t a t i o n  were d i s t i n c t l y  marked by dye c o lo r  
an d /o r  placement of the  mark; i f  r e c a p t u r e d ,  f i s h  were again  
d i s t i n c t i v e l y  marked. D i f f e r e n t  body l o c a t i o n s  and dye c o lo r s  
enabled a l a r g e  number of s p e c i f i c  marking combina t ions .  For 
example,  red was used as a mark f o r  r e cap tu red  f i s h ,  and when p laced  
on the  r i g h t  s id e  of the  caudal  pedunc le ,  t h i s  in d i c a t e d  a once-  
r e c ap tu r ed  f i s h .  This f i s h  would now have two marks ( c o lo r  and 
l o c a t i o n  of o r i g i n a l  marking and r e c a p t u r e  mark).  I f  t h i s  f i s h  was 
aga in  r e c a p tu r e d ,  a red mark was p laced  on th e  l e f t  s id e  of the
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caudle  r e g i o n .  Because of  t h i s  p r o c e s s ,  Fundulus recap tu red  a t  any 
s t a t i o n  were d i s t i n c t l y  double or  t r i p l e  marked. A l l  r e c a p t u r e  da ta  
were log t ransform ed  and su b jec ted  t o  a Model I I  a n a l y s i s  of  v a r i a n c e  
(ANOVA) on th e  t o t a l  number of f i s h  r e c a p tu r e d  a t  0 meters  ( p o in t  of 
o r i g i n a l  c a p t u r e ) ,  30m, 60m, 90m, 120m and 150m. When ANOVA 
in d i c a t e d  s i g n i f i c a n c e  a Student-Newman-Keuls (SNK) t e s t  of m u l t i p l e  
comparison was used to  s e p a r a t e  means which were s i g n i f i c a n t l y  
d i f f e r e n t .
LABORATORY METHODS
Fish  were p re se rv e d  in  95% e th an o l  and measured a t  a l a t e r  d a t e  
w i th  V e rn ie r  c a l i p e r s  t o  the  n e a r e s t  0 .1  mm s tan d a rd  len g th  (S L ) .
Five o r  more i n d i v i d u a l s  were randomly s e l e c t e d  from each sample,  
g iv in g  a minimum of 20 f i s h  per  c reek  f o r  each c o l l e c t i n g  day.
The s a g i t t a l  o t o l i t h s  were e x t r a c t e d  from each f i s h  and embedded 
in Spurr  (1969) e l e c t r o n  microscopy embedding medium. Spurr b locks  
were rough cut to  expose th e  t r a n s v e r s e  p la n e ,  and ground t o  th e  
primordium w i th  400 and then  600 g r i t  w e t -o r -d r y  sandpaper .  This  
s id e  was p o l i s h e d  wi th  0 .3  micron alumina p o l i s h i n g  compound ( F i s h e r  
S c i e n t i f i c  Co.) and a t t a c h e d  to  a p ie c e  of a g l a s s  microscope s l i d e  
w i th  commercia lly  a v a i l a b l e  c y a n o a c ry la te  a d h es iv e .  The o p p o s i t e  
s id e  was then  ground and p o l i s h e d  to  o b t a in  a t h i n  t r a n s v e r s e  s e c t i o n  
[ t h i s  p rocedure  i s  only  a s l i g h t  m o d i f i c a t i o n  of t h a t  d e sc r ib e d  by 
Haake e t  a l . ( 1 9 8 2 ) ] .
Growth increments  were counted w i th  a l i g h t  microscope a t  1000X 
m a g n i f i c a t i o n .  The mean of  fo u r  su c c e s s iv e  increment counts  on each 
o t o l i t h  was used f o r  a l l  age d e t e r m i n a t i o n s .  V e r i f i c a t i o n  of
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count ing  p r e c i s i o n  was made by compar is ions  o f  l i g h t  microscopy 
counts  w i th  scanning e l e c t r o n  microscopy (SEM) counts  of th e  same 
o t o l i t h  p r e p a r a t i o n .  Only o t o l i t h s  in  which the  d i f f e r e n c e  among 
su cc e ss iv e  counts  was 5% or  l e s s  were u sed .  This inc luded 
approx imate ly  75% of a l l  samples p re p a re d .  Counts were made by the  
same r e a d e r  and in  th e  same reg ion  of th e  o t o l i t h .  The counts  were 
hand t a l l i e d  on a mechanica l  coun te r  and were made wi thou t  th e  
knowledge of  p re v io u s  c o u n t s .
O t o l i t h s  used f o r  SEM comparisons were prepared  as de sc r ibed  
above and then  a t t a c h e d  t o  viewing s t u b s .  The exposed s ide  of the  
o t o l i t h  p r e p a r a t i o n  was then  e tched  f o r  one to  f i v e  minutes  wi th  5 
pe rc en t  disodium e t h y e n e d i a m i n e t e t r a a c e t a t e  [EDTA, (pH 7 - 8 ) ] ,  coated 
wi th  go ld -pa lad ium ,  and observed under  SEM opera ted  a t  20 to  40 kV.
In o rd e r  t o  g a in  f u r t h e r  conf idence  in  r ead in g  o t o l i t h s  a known 
age s e r i e s  was o b t a i n e d .  These f i s h  were prepared  as de sc r ibed  
above, and the  " a r t "  o f  read ing  d a i l y  growth r i n g s  fo r  t h i s  sp ec ie s  
was developed by th e  a u t h o r .
Length v s .  age r e g r e s s i o n s  of age on leng th  were computed f o r  
each of the  e i g h t  sampling s t a t i o n s  by Model I I  a n a l y s i s  of  v a r i a n c e .  
Ana lys is  of  c ovar iance  was used to  de termine  i f  d i f f e r e n c e s  e x i s t e d  
in  the  a g e - l e n g th  r e g r e s s i o n s .  Based on t h i s  a n a l y s i s ,  growth r a t e s  
were compared among s i t e s  over th e  e n t i r e  sampling p e r i o d .  The 
r e s u l t s  of s t a t i s t i c a l  a n a l y s i s  a r e  r e p o r t e d  as the  p r o b a b i l i t y  (P) 




S t a t i o n s  1-8 were s i t u a t e d  a t  depths  of l e s s  than 1 m e te r .  
Temperature and s a l i n i t y  da ta  were s u b je c t  to  s t ro n g  in f l u e n c e s  by 
environmenta l  c o n d i t i o n s ,  which accounted fo r  much of th e  v a r i a b i l i t y  
of th e s e  d a t a .
With th e  excep t io n  of  the  two upstream s t a t i o n s  in  Blev ins  Creek 
on 2 June ,  s a l i n i t y  v a lu e s  were h ig h e r  a t  Blevins  creek  than  a t  
Goalders c reek (F ig .  2 ) .  An ANOVA d e te c te d  a s i g n i f i c a n t  d i f f e r e n c e  
between s t a t i o n s  a t  the  P < .001 l e v e l .  The r e s u l t s  of SNK i n d i c a t e s  
a s i g n i f i c a n t  s a l i n i t y  d i f f e r e n c e  a t  low t i d e  between B lev ins  and 
Goalders  Creeks (Table  1 ) .  No d i f f e r e n c e s  were d e tec te d  among the  
Blev ins  Creek s a l i n i t y  d a t a .  In Goalders Creek a d i f f e r e n c e  was 
shown between the  two most downstream s t a t i o n s  ( s t a t i o n s  5 and 6) and 
the  two most ups tream s t a t i o n s  ( s t a t i o n s  7 and 8 ) .  Although th e  
s a l i n i t y  v a lu es  w i th in  each creek  showed l i t t l e  or  no s i g n i f i c a n t  
d i f f e r e n c e s  among s t a t i o n s ,  (ANOVA, P < .001) w i th in  Goalders Creek a 
more v a r i a b l e  s a l i n i t y  regime was d e t e c t e d .
The t r e n d  was s i m i l a r  a t  a l l  s t a t i o n s  f o r  t em pera tu re  d a ta  (F ig .
3 . ) ,  ranging  from 20-25°C in  l a t e  May and June,  28-34 °C in  August 
and 22-26°C in  September.  Ana lys is  of v a r i a n c e  in d i c a t e d  no two
10































Goalders  Creek J B levins  Creek
I
Mean 3 .89  4.11 5 .89  9.33 I 14.80 15.40 17.30
S t a t i o n  8_____ 7_____ 6 5 I 4______ 3_______2
TABLE 1. R e s u l t s  of SNK t e s t  f o r  m u l t i p l e  comparisons 
s a l i n i t y  d a t a .  Lines  connect samples in  which no 






FIGURE 3. Temperature data for Blevins and Goalders Creeks
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s t a t i o n s  t o  be s i g n i f i c a n t l y  d i f f e r e n t  a t  the  P < .001 l e v e l .
Stations were sampled in the same order and at the same tidal stage 
whenever possible in an attempt to standardize the temperature and 
salinity data.
HOME RANGE
The p r e d i c t i o n  f o r  th e  mark and r e c a p tu r e  s tudy was t h a t  f i s h  a t  
any s t a t i o n  would be r e c a p tu r e d  p r i m a r i l y  a t  t h a t  s t a t i o n ,  w i th  some 
cap tu red  a t  30 m ete rs  and almost no r e c a p tu r e s  g r e a t e r  than 30 mete rs  
away.
A t o t a l  o f  2500 f i s h  were marked and subsequen t ly  r e l e a s e d .  Of 
th e  15.7% (394) r e c a p t u r e d ,  82.7% were re c a p tu r e d  a t  the  same s i t e  
(Table 2 ) .  An ANOVA d e te c t e d  s i g n i f i c a n t  d i f f e r e n c e s  among s i t e s  a t  
th e  P < .001 l e v e l .  The r e s u l t s  of the  SNK t e s t  show s i g n i f i c a n t  
d i f f e r e n c e  between 0m ( s i t e  of o r i g i n a l  marking) and 30m (next 
c l o s e s t  p o in t  of r e c a p t u r e ) .  The c o nc lus ion  from t h i s  a n a l y s i s  i s  
t h a t  Fundulus h e t e r o c l i t u s  a r e  u s u a l l y  r e s t r i c t e d  to  a home range of 
l e s s  than  30 m e te rs  in  B lev ins  c r e e k ,  a l though  some i n d i v i d u a l s  may 
move g r e a t e r  d i s t a n c e s .
AGE AND GROWTH
Examination of  known age Fundulus h e t e r o c l i t u s  have shown t h a t  
2-3 increments  were p r e s e n t  a t  th e  t ime of h a tch in g  (Radtke,  1978),
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SITE MARKED RECAPTURED OM
1 329 100 84
2 231 73 51
3 368 59 51
4 294 68 53
5 438 55 50
6 510 39 37
TOTAL 2500 394 326
TOTAL RECAPTURED
30M 60M 90M 120M 150M
0 4 4 8 0
18 0 2 2 0
2 4 0 0 2
15 0 0 0 0
1 4 0 0 0
0 0 2 0 0
36 12 8 10 2
TABLE 2. Blevins  Creek mark and r e c a p tu r e  d a t a .
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t h e r e f o r e ,  age e s t i m a te s  in  t h i s  s tudy were equal  t o  the  mean of  fo u r  
su c c e s s iv e  counts  l e s s  t h r e e  f o r  each i n d i v i d u a l .
A t o t a l  of  396 o t o l i t h s  were counted .  O t o l i t h  based age 
e s t i m a te s  ranged from 30 days f o r  a 12 mm (SL) f i s h ,  to  160 days f o r  
a 47 mm (SL) f i s h .
L in ea r  r e g r e s s i o n  of len g th  on a d ju s t e d  age were computed f o r  
samples from each of  the  e i g h t  s t a t i o n s .  Length was the  independent  
v a r i a b l e  and r i n g s  th e  dependent v a r i a b l e .  In  t h i s  way th e  number of 
r i n g s  depended on the  s i z e  of th e  f i s h ,  which was assumed t o  be f i x e d  
and measured w i thou t  e r r o r .
A na lys i s  of covar iance  i n d i c a t e d  t h a t  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  in the  r e g r e s s i o n  l i n e s  when d a ta  were grouped t o  compare 
w i th in  c reek  growth r a t e s  (P > . 0 5 ) .  T h e re fo re ,  v a lu e s  from each 
c reek  were pooled and the  r e g r e s s i o n  of age on len g th  of Blevins  
Creek d a ta  was compared wi th  th e  r e g r e s s i o n  of age on leng th  from 
Goalders  Creek ( F ig .  4 ) .
The model which b e s t  d e sc r ib e d  age w i th  growth f o r  Goalders 
Creek was a l i n e a r  r e g r e s s i o n  of log (age )  v s .  s t an d a rd  le n g th :  SL = 
A(age) + B, where B i s  t h e  y - i n t e r c e p t  and A i s  th e  s lope  of th e  
l i n e .  For B lev ins  Creek th e  e q u a t io n  was: SL = .024 -  1 .0 3 ( a g e ) ;  
w h i le  Goalders  Creek was: SL = .022 -  1 . 1 4 ( a g e ) .  A na lys is  of 
c ovar iance  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between 
th e  two r e g r e s s i o n  c o e f f i c i e n t s  or a d ju s t e d  means a t  th e  P > .05 
l e v e l .
16





















































The r e l a t i o n s h i p  between s a l i n i t y  and growth r a t e s  was examined 
in  t h i s  s tu d y .  Redeke (1932) ,  S e g e r s t r a l e  (1951 ,1953) ,  Kilby  (1955) ,  
Gunter (1961) ,  and W eins te in  e t  a l .  (1980) a l l  su p p l i e d  evidence t h a t  
the  s a l i n i t y  o f  w a te r  was an impor tant  f a c t o r  governing the  
d i s t r i b u t i o n  of e s t u a r i n e  s p e c i e s .
Mummichogs a r e  abundant a t  v i r t u a l l y  a l l  s a l i n i t i e s  w i t h i n  th e  
e s t u a r i n e  system. W eins te in  e t  a l .  (1980) r e p o r t e d  t h a t  Fundulus 
h e t e r o c l i t u s  d i s p l a y e d  equal abundance over a s a l i n i t y  range of 
0-31 ° / o o ,  in  t h e  Cape Fear R iver  e s t u a r y ,  North C a r o l in a .  Richards  
and Castagna (1970) c o l l e c t e d  F.  h e t e r o c l i t u s  over a range of 0 .4  to  
2 8 .7 ° /o o  in  th e  s e a s id e  w a ters  of  V i r g i n i a ' s  e a s t e r n  sh o re .  Under 
l a b o r a t o r y  c o n d i t i o n s  a t o l e r a n c e  range f o r  the  s p e c i e s  was 
dete rmined as 0 to  113°/oo ( G r i f f i t h ,  1974).  In  t h e  p r e s e n t  s tudy ,
F. h e t e r o c l i t u s  were c o l l e c t e d  a t  a l l  s t a t i o n s  in  s a l i n i t i e s  from 0 
to  22 ° /o o .  Although mummichogs were found a t  a l l  s t a t i o n s ,  t h e i r  
abundance was c o n s id e ra b ly  lower in  th e  t h r e e  most ups t ream s t a t i o n s  
of Goalders  Creek (Smith e t  a l .  1985).  D esp i te  t h i s  lower observed 
abundance,  f i s h  were c o n s i s t a n t l y  t rapped  t h e r e  w i th  in c re a s e d  
e f f o r t .  The s a l i n i t y  d a ta  i n d i c a t e  t h a t  t h e s e  s t a t i o n s  were 
s i g n i f i c a n t l y  f r e s h e r  than  th e  downstream s t a t i o n  and indeed th e  
l e a s t  s a l i n e  s t a t i o n s  in  t h i s  s tu d y .  This may be an i n d i c a t i o n  t h a t  
t h e r e  i s  a p r e f e r e n c e  f o r  low s a l i n i t y  h a b i t a t s  by F*. h e t e r o c l i t u s  
d u r in g  summer months .
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Fundulus h e t e r o c l i t u s a b i l i t y  to  ostnoregulate  in  va ry ing  
s a l i n i t i e s  i s  shared by o t h e r  e u ry h a l in e  t e l e o s t s .  Many 
p h y s i o l o g i c a l  fu n c t io n s  f i r s t  d e sc r ib e d  by Smith (1930) a r e  in v o lv e d .  
In th e  marine  environment th e  f i s h  must ba lance  the  n e t  e f f l u x  of 
w a ter  and i n f l u x  of  sodium and c h l o r i d e  by d r in k in g  the  medium, 
e x c r e t i n g  smal l  q u a n t i t i e s  of u r i n e  t h a t  c o n ta in  l e s s  sodium and 
c h l o r i d e  than  the  blood and e x c r e t i n g  the  excess  sodium and c h l o r i d e  
a c r o s s  th e  g i l l s .  In f r e s h w a te r  a f i s h  must ba lance  th e  n e t  i n f l u x  
of  wa ter  and e f f l u x  of sodium and c h lo r id e  by e x c r e t in g  la rg e  
q u a n t i t i e s  o f  d i l u t e  u r in e  t h a t  c o n ta in  much l e s s  sodium and c h lo r id e  
than  th e  blood by a c t i v e l y  pumping in  sodium and c h lo r id e  from the  
medium a c r o s s  the  g i l l s .
The d i s t i n c t  p h y s i o l o g i c a l  s t r a t e g i e s  de sc r ib ed  above lead t o  an 
a t t r a c t i v e  h y p o th e s i s .  The environment which i s  i s o t o n i c  to  the  
f i s h ' s  b loods should be an opt imal  h a b i t a t .  I t  does no t  seem 
un rea sonab le  to  assume t h a t  in  g e n e r a l  more metabo l ic  work i s  
r e q u i r e d  to  s u s t a i n  a l a r g e  osmotic  g r a d i e n t  than to  s u s t a i n  a smal l  
osmotic  g r a d i e n t .  This h y p o th e s i s  i s  supported  by the  d a ta  of Gibson 
and H i r s t  (1955) ,  Canagavatnam (1959) ,  Brocksen and Cole (1972) ,  and 
Wohlschlag and Wakeman (1978) .
The d a t a  p re sen ted  in  t h i s  s tudy  suppor ts  an a l t e r n a t e  
h y p o t h e s i s .  The growth of the  e u ry h a l in e  Fundulus h e t e r o c l i t u s  does 
not appear  t o  be a f f e c t e d  by r e s i d i n g  in  d i f f e r e n t  s a l i n i t y  reg im es .  
This would sugges t  t h a t  the  f i s h  has adapted p h y s i o l o g i c a l l y  to  a 
wide s a l i n i t y  spectrum without  s a c r i f i c i n g  energy t h a t  could  
o the rw ise  be u t i l i z e d  in growth .  This a d a p ta t i o n  may be in the
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development o f  s p e c i f i c  enzyme sys tems ,  im p e rm e a b i l i ty ,  a n d /o r  
s p e c i a l i z e d  ion t r a n s p o r t  mechanisms.
Euryha l ine  s p e c i e s  adap t  t o  a wide range of  s a l i n i t y  by 
u t i l i z i n g  a v a r i e t y  of  mechanisms. The g i l l s  a r e  th e  p r i n c i p l e  s i t e  
of monovalent ion e x c r e t i o n .  Movement of  t h e se  ions  c a t a ly z e d  by the  
enzyme adenos ine  t r i p h o s p h a t a s e  (ATPase) r e s u l t s  in  a c t i v e  t r a n s p o r t
v i a  "sodium pumps". E p s te in  e t  a l .  (1967) r e p o r t e d  t h a t  the  g i l l s  of
•  • • •  + + k i l l i f i s h  a cc l im a te d  to  seaw ater  possessed  Na and K -ATPase a c t i v i t y
two to  seven t imes t h a t  of k i l l i f i s h  acc l im a ted  t o  f r e s h w a t e r .  Towle
e t  a l .  (1977) have documented s i m i l a r  evidence  and f u r t h e r  r e p o r t e d
i n t e r m e d i a t e  enzyme a c t i v i t y  a s s o c i a t e d  w i th  a c c l i m a t i o n ,  sugges t ing
t h a t  th e  same enzyme system may fu n c t io n  to  absorb  ions  a t  low
s a l i n i t i e s  and e x c r e t e  ions  a t  h igh  s a l i n i t i e s .  This  in c r e a s e  in  Na+
and K+ a c t i v a t e d  adenos ine  t r i p h o s p h a t a s e  a c t i v i t y  coupled w i th  an
i n c r e a s e  in  a c t i v e  sodium o u t f l u x  su g g es t s  a s p e c i f i c  enzyme system
im por tan t  to  Fundulus h e t e r o c l i t u s  o sm oregu la t ion .  This system may
e x p la i n  how mummichogs a r e  a b le  to  m a in ta in  s i m i l a r  growth r a t e s  in
both  h y p e r to n ic  and hypo ton ic  media .
LOCAL MOVEMENTS
P as t  s t u d i e s  on th e  l o c a l  movements and a c t i v i t y  of  Fundulus 
h e t e r o c l i t u s  have been r e p o r t e d  by C h id e s te r  (1920) ,  Butner and 
B ra t t s t r o m  (1960) ,  Nixon and O v ia t t  (1973) ,  L o t r i c h  (1974) and F r i t z  
e t  a l .  (1975) .  While C h id e s t e r  (1920) observed t h a t  F.  h e t e r o c l i t u s  
appeared to  remain in  th e  t i d a l  c reek  throughout  th e  summer, and 
L o t r i c h  (1974) sugges ted  a l im i t e d  home range of 36 m e te r s ,  B u t tn e r
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and B r a t t s t r o m  (1960) found l i t t l e  ev idence  of F.  h e t e r o c l i t u s  
m a in t a in in g  a home range in  s a l t  marshes .
The mark and r e c a p t u r e  d a t a  from t h i s  s tudy  sugges ts  a home 
range l i m i t e d  to  in c lu d e  30 meters  but n o t  more than  60 mete rs  f o r  
most i n d i v i d u a l s .  Although 82.7% of  th e  marked f i s h  were r e c a p tu r e d  
a t  th e  s i t e  o f  mark ing ,  16.3% were r e c a p tu r e d  a t  a d i s t a n c e  g r e a t e r  
th a n  30 m e te r s  away from s i t e  of o r i g i n a l  mark ing. I t  i s  c l e a r  t h a t  
w h i le  Fundulus h e t e r o c l i t u s  m a in ta in s  a l i m i t e d  home range ,  some 
i n d i v i d u a l s  d r i f t  out of th e  30 m eter  r ange .  With th e  wide 
geog raph ic  d i s t r i b u t i o n  and d i v e r s i t y  of l o c a l  h a b i t a t s  occupied by 
F.  h e t e r o c l i t u s . i t  i s  no t  s u r p r i s i n g  t h a t  v a r i a t i o n  i n  l o c a l  
movements o c c u r s .  Genetic  composi t ion  of  l o c a l  p o p u l a t i o n s ,  p h y s i c a l  
c o n d i t i o n s ,  r e s o u r c e s  as  r e l a t e d  t o  f i s h  d e n s i t y  and i n t e r s p e c i f i c  
i n t e r a c t i o n s  a r e  a few f a c t o r s  t h a t  may in f l u e n c e  th e  home range f o r  
any s p e c i e s .  These d a ta  suppor t  L o t r i c h ' s  (1974) idea  of  an 
o v e r la p p in g  continuum of  f i s h  a long th e  c reek  bank as be ing  th e  
p r i n c i p l e  mechanism f o r  g e n e t i c  exchange f o r  t h i s  s p e c i e s .
The use  o f  b a i t e d  minnow t r a p s  may in t ro d u ce  a b ia s  i f  c e r t a i n  
i n d i v i d u a l s  a r e  more o r  l e s s  s u s c e p t i b l e  to  t r a p p in g  ( L o t r i c h ,  1974).  
I f  a group o f  i n d i v i d u a l s  e x i s t s  which has zero  p r o b a b i l i t y  of 
e n t e r i n g  a t r a p ,  t h e i r  behav io r  i s  no t  t e s t a b l e  by methods employed 
i n  t h i s  s t u d y .  Some sp ec ie s  a n d /o r  i n d i v i d u a l s  may become " t r a p  
happy",  i n t r o d u c i n g  a b i a s  in  th e  o t h e r  d i r e c t i o n .
GROWTH
The h y p o t h e s i s  of  an i s o t o n i c  medium in f l u e n c in g  growth r a t e s  i s  
n o t  s u p p o r te d  by t h i s  s tu d y .  The da ta  p r e s e n t e d  i n d i c a t e  no
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d i f f e r e n c e  in  growth r a t e s  o f  mummichogs from a t  l e a s t  two d i f f e r e n t  
n a t u r a l  s a l i n i t y  reg im es .
The r e l a t i v e l y  s ed e n ta ry  mummichog, wi th  i t s  h igh  d e n s i t i e s  
a long th e  marsh bank,  may be prone to  heavy p r e d a t i o n .  In  the  
e v o lu t io n a r y  h i s t o r y  of th e  s p e c ie s  some s t r a t e g i e s  should  have 
evolved to  co u n te r  the  d i s ad v an tag e  of such l im i t e d  movements. 
Weisberg (1982) r e p o r t e d  t h a t  Fundulus h e t e r o c l i t u s  must have a cc e ss  
to  th e  h igh  marsh in  o rd e r  t o  o b t a in  food of maximum c a l o r i c  v a l u e .  
This would be of  s i g n i f i c a n c e  du r ing  p e r io d s  of h igh  w a te r  where 
marshes a r e  r e g u l a r l y  f lo o d e d .  A d d i t i o n a l  advantages  ga ined  by h igh  
marsh u t i l i z a t i o n  in c lu d e  a re fu g e  from s u b t i d a l  p r e d a to r y  type 
f i s h e s  such a s ,  P a r a l i c h t h v s  s p p . ,  Cvnoscion s p p . ,  Pomatomus s p p . ,  
and A ngu i l l a  s p p . ,  in  an a re a  o f  r e s t r i c t e d  c u r r e n t  f low .  In 
h a b i t a t s  where th e  h igh  marsh i s  i n a c c e s s i b l e  o th e r  s t r a t e g i e s  must 
have developed .  L o t r i c h  (1974) sugges ted  t h a t  as the  f i s h  m a in ta in s  
p o s i t i o n ,  food i s  c a r r i e d  p a s t  th e  organism and l i t t l e  energy i s  
expended in  food sea rch  and c a p t u r e .  Development of t h e s e  s t r a t e g i e s  
a l lows the  e n e r g e t i c  c o s t s  of o sm o reg u la t io n ,  p h y s i o l o g i c a l  s t r e s s ,  
and m a in ta in in g  a p o s i t i o n  a g a i n s t  c u r r e n t s  to  be o f f s e t .
There a r e  many f a c t o r s  or  combinations  of f a c t o r s  t h a t  may p lay  
an impor tan t  r o l e  in  d a i l y  r i n g  fo rm a t io n .  Exac t ly  which f a c t o r s  
a f f e c t  t h i s  rhythmic  d e p o s i t i o n  of  r i n g s  have not  y e t  been 
e l u c i d a t e d .  Radtke (1978) worked w i th  Fundulus h e t e r o c l i t u s  in  
c o n t r o l l e d  l a b o r a t o r y  exper iments  where s a l i n i t y  was h e ld  c o n s t a n t .
He concluded t h a t  o t o l i t h  increment fo rm at ion  appeared to  be 
exogenous.  Length of d a y l i g h t ,  t e m p e ra tu re ,  and food a v a i l a b i l i t y  
seemed to  have th e  major  e f f e c t s  in  h i s  s tudy .  In th e  p r e s e n t  s tudy
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food a v a i l a b i l i t y  i s  the  only of th e se  f a c t o r s  t h a t  might have 
d i f f e r e d  between c r e e k s .  I f  d i f f e r e n t i a l  growth r a t e s  were observed ,  
the  a v a i l a b i l i t y  o f  food and i t s  p a r t i c u l a r  c a l o r i c  va lue  would have 
to  be i n v e s t i g a t e d .  The abundance and d i s t r i b u t i o n  of p a r t i c l u a r  
food i tems w i th  p o t e n t i a l l y  h ig h e r  c a l o r i c  v a lu e s  might e a s i l y  be a 
f a c t o r  c o n t r i b u t i n g  to  an opt imal  environment.
In  a d d i t i o n  t o  food a v a i l a b i l i t y ,  many o th e r  b i o t i c  and a b i o t i c  
c o n d i t i o n s  should  be considered  when growth r a t e s  a r e  being 
s t u d i e d .  Unstab le  p h y s i c a l  c o n d i t i o n s ,  in c re a se d  energy ex p en d i tu re  
in  th e  sea rch  and c ap tu re  of p re y ,  i n t e r s p e c i f i c  r e l a t i o n s h i p s  
c o n t r i b u t i n g  t o  s i z e - s e l e c t i v e  m o r t a l i t y ,  and the  numerous 
i n t e r a c t i o n s  o f  t h e se  important v a r i a b l e s  in f lu e n c e  growth in n a t u r a l  
h a b i t a t s .  The d a ta  p re sen ted  in  t h i s  s tudy should no t  be i n t e r p r e t e d  
as unequivoca l  ev idence  t h a t  s a l i n i t y  has l i t t l e  or no e f f e c t  on th e  
growth of  Fundulus h e t e r o c l i t u s . To draw t h i s  co n c lu s io n ,  f u r t h e r  
r e s e a r c h  i s  needed from c o n t r o l l e d  l a b o r a to r y  exper iments  to  i s o l a t e  
the  pr imary e f f e c t s  of s a l i n i t y  on growth r a t e s .
23
BIBLIOGRAPHY
Bigelow, H. B . ,  and W. C. Schroeder .  1953. F ishes  of th e  Gulf of 
Maine. U.S. F ish  and Widl.  Serv .  F i she ry  B u l l .  53 :162-162.
Boesch, D. F . ,  1971. D i s t r i b u t i o n  and s t r u c t u r e  of b e n th ic
communities in  a g r a d i e n t  e s t u a r y .  Ph.D. T h e s i s ,  College  of 
Will iam and Mary, W il l iamsburg ,  V i r g i n i a ,  120p.
Brockson, R. W., and R. E, Cole .  1972. P h y s i o l o g i c a l  re sponses  of 
t h r e e  s p e c i e s  of f i s h  t o  v a r io u s  s a l i n i t i e s .  J .  F i s h .  Res.  
Bd. Canada. 29:399-405.
B r o th e r s ,  E. B . ,  C. P.  Mathews, and R. L aske r .  1976. Dai ly  growth 
increments  in  o t o l i t h s  from l a r v a l  and a d u l t  f i s h e s .  F i s h .  
B u l l .  U.S. 7 4 :1 - 8 .
Bu tner ,  A . ,  and B. H. B r a t t s t r o m .  1960. Local movement in  Mendia 
and F undu lus . Copeia 2 :139-141.
Cain,  R. L . ,  and J .  M. Dean. 1976. Annual occurence ,  abundance 
and d i v e r s i t y  o f  f i s h  in a South Caro l ina  i n t e r t i d a l  c re ek .  
Mar. Bio .  36 :369-379 .
Canagavatnam, P.  1959. Growth of  F ishes  in  D i f f e r e n t  S a l i n i t i e s .  
J .  F i s h .  Res.  Bd. Canada 16(1 ) :121-130 .
C h i d e s t e r ,  F.  E . ,  1920. The behav io r  o f  Fundulus h e t e r o c l i t u s  on 
th e  s a l t  marshes of  New J e r s e y .  Am. Nat.  54:551-557.
deSylva ,  D. P . ,  F. A. K a lbe r ,  J r . ,  and C. N. S c h u s t e r ,  J r .  1962. 
F ishes  and e c o l o g i c a l  c o n d i t io n  in  the  shore  zone of the  
Delaware River  e s t u a r y ,  w i th  no te s  on o t h e r  sp ec ie s  
c o l l e c t e d  in  deeper  w a te r .  Del.  Mar. Lab. I n f .  S e r .  No. 5 .
E p s t e in ,  F. H . ,  A. I .  Katz ,  and G. E. P i c k f o r d .  1967. Sodium and 
P o ta s iu m - a c t iv a t e d  Adenosine T r iphospha te  of g i l l s :  Role in 
a d a p t a t i o n  of t e l e o s t s  to  s a l t  w a t e r .  Science 156:1245- 
1247.
F r i t z ,  E. S . ,  and E. T.  G a rs id e .  1975. Comparison of  age
com pos i t ion ,  growth and f e c u n d i ty  between two p o p u la t i o n s  
each of Fundulus h e t e r o c l i t u s  and Fundulus diaphanus  
( P i c e s : C y p r i n i d o n t i d a e ) . Can. J .  of Zoo. 53:361-373.
F r i t z ,  E. S . ,  W. H. M e r id i th ,  and V. A. L o t r i c h .  1975. F a l l  and 
w in t e r  movements and a c t i v i t y  l e v e l  of th e  mummichog,
24
Fundulus h e t e r o c l i t u s . in  a t i d a l  c r e e k .  Chesapeake Science  
16:211-214.
Gibson, M. B . ,  and B. H i r s t .  1955. The e f f e c t  of s a l i n i t y  and 
tem pera tu re  on the  p r e - a d u l t  growth of  g u p p ie s .  Copeia 
3 :241-243.
G r i f f i t h ,  R. W. 1974. Environmental  and s a l i n i t y  t o l e r a n c e  in  the  
genus Fundu lus . Copeia 2 :319-331.
Gunte r ,  G. 1961. Some r e l a t i o n s  of  e s t u r i n e  organisms to  
s a l i n i t y .  Limnol.  Oceanog. 6 ( 2 ) :1 5 9 .
Haake, P.  W., C. A. Wilson, and J .  M. Dean. 1982. A techn ique  fo r  
the  examination of o t o l i t h s  by SEM w i th  a p l i c a t i o n s  t o  
l a r v a l  f i s h e s .  P r o c . of  th e  F i f t h  Ann. Larva l  Fish  
C onfe rence .
Hoff ,  J .  G.,  and R. M. I b a r a .  1977. F a c to r s  a f f e c t i n g  the
seasona l  abundance,  composi t ion  and d i v e r s i t y  of f i s h e s  in  a 
S o u th eas te rn  New England e s t u a r y .  E s t . and Coas t .  Mar. S c i .  
5 :665-678.
Keup, L . ,  and J .  B a y l i s s .  1964. F ish  d i s t r i b u t i o n  a t  v a ry ing
s a l i n i t i e s  in  Neuse River  b a s i n ,  North C a r o l in a .  Chesapeake 
Science  5 :119-123.
K i lby ,  J .  D. 1955. The f i s h e s  of  two Gulf c o a s t a l  marsh a reas  of 
F l o r i d a .  Tulane S tud . Zool.  2 (8 ) :1 7 5 -1 7 7 .
Kneib,  R. T . ,  and A. E. S t i v e n .  1978. Growth r e p ro d u c t io n  and 
feed ing  of Fundulus h e t e r o c l i t u s  on a North C aro l ina  s a l t  
marsh.  J .  o f  Exp. Mar. Bio .  Eco l .  31 :121-140.
L o t r i c h ,  V. A. 1974. Summer home range and movement of  Fundulus 
h e t e r o c l i t u s  (L innaeus) in  a t i d a l  c r e e k .  Ecology 56:191- 
198.
L o t r i c h ,  V. A . ,  and W. M. M ered i th .  1974. A techn ique  and the  
e f f e c t i v e n e s s  of v a ry ing  a c r y l i c  c o lo r s  f o r  subcutaneous 
marking of  f i s h .  T ran s .  Am. F i s h .  Soc . 103:140-142.
McHugh, J .  L. 1967. E s tu a r in e  n e k to n .  In  G.Lauff ( e d i t o r ) ,  
E s t u a r i e s ,  p . 581-620. Am. Assoc.  Adv. S c i . ,  Wash.,D.C.
M i l l e r ,  S. J . ,  and T. S to r c k .  1982. Daily  growth r i n g s  in
o t o l i t h s  of  y o u n g - o f - th e -y e a r  largemouth b a s s .  T rans .  Am. 
F i s h .  Soc.  111:527-530.
Nixon, S. W., and C. A. O v i a t t .  1973. Ecology of  a New England 
s a l t  marsh.  Eco l .  Mon. 43 :463-498.
P a n e l l a ,  G. 1971. F ish  o t o l i t h s :  d a i l y  growth l a y e r s  and 
p e r i o d i c a l  p a t t e r n s .  Sc ience  173:1124-1126.
25
P a n e l l a ,  G. 1974. O t o l i t h  growth p a t e r a s :  an a id  in  age
d e t e r m in a t io n  in  tem pera tu re  and t r o p i c a l  f i s h e s .  In :T .B .  
Bagenal ( E d i t o r )  Ageing of F i s h .  p .  28-29. Unwin Browther,  
L t d . ,  Survey.
Radtke,  R. L.  1978. The format ion  and growth of o t o l i t h s  in  the
e s t u a r i n e  f i s h  Fundulus h e t e r o c l i t u s . U n iv e r s i ty  of  South
C a r o l in a ,  Ph.D. T h e s i s ,  50 p .
Radtke,  R. L. 1980. The fo rm at ion  and growth of o t o l i t h s  from
r e d f i s h ,  S abas te s  s p p . ,  l a rv a e  from the  Flemish Cap
(D iv i s io n  3 M). NAFO SCR Doc. 80(153) ,  6p.
Radtke,  R. L . ,  and K. G. Waiwood. 1982. O t o l i t h  fo rmat ion  and 
body sh r inkage  due to  f i x a t i o n  in  l a r v a l  cod, ( Gadus 
morhua) . Can. Tech. Rep. F i s h .  Aquat .  S c i .  929, 10 p .
Redeke, H. C. 1932. Uber den j e t z i g e n  Stand unse r  Kenntn isse  der 
F lo ra  des B rackw asse rs . Verh.  I n t .  Vere in .  Limn. 6 :46 -61 .
R ichards ,  C. E . ,  and M. Cas tagna.  1970. Marine f i s h e s  of
V i r g i n i a ' s  e a s t e r n  shore ( I n l e t  and marsh,  s e a s id e  w a t e r s ) .  
Chesapeake Sc ience  11:235-248.
Samar i tan ,  J .  M., and R. E. Schmidt. 1982. Aspects  of a 
f r e s h w a te r  p o p u la t i o n  of th e  mummichog, Fundulus 
h e t e r o c l i t u s  ( P i c e s : C y p r i n i d o n t i d a e ) , in the  Bronx R iver ,
New York, U .S .A . ,  H y d ro b io lo g ia . 94:149-154.
S e g e r s t r a l e ,  S. G. 1951. The seasona l  f l u c t u a t i o n s  in  the  
s a l i n i t y  of  th e  coas t  of F in land  and t h i e r  b i o l o g i c a l  
s i g n i f i c a n c e .  Soc.  Sc ien .  F e n n ic a . Comment. B io l .  1 3 ( 5 ) : l - 7 .
S e g e r s t r a l e ,  S. G. 1953. F u r th e r  no te s  on the  i n c re a se  in
s a l i n i t y  of th e  inne r  B a l t i c  and i t s  in f lu e n c e  on the  fauna .  
I b i d .  1 3 (5 ) :1 -7  .
Smith,  H. W. 1930. The a b so r b t io n  and e x c r e t i o n  of w a te r  and 
s a l t s  by marine t e l e o s t s .  Am. J .  of P h y s io l .  93:480-505.
Smith,  S. M., J .  G. Hoff ,  S. P .  O 'N e i l ,  and M. P.  W eins te in .
1984. Community and t r o p h i c  o r g a n iz a t i o n  of nekton u t i l i z i n g  
shallow marsh h a b i t a t s ,  York R ive r ,  V i r g i n i a .  F i s h .  B u l l .  
V o l .82 No.3 .
Spur r ,  A. R. 1969. A lo w - v i s c o s i t y  epoxy r e s i n  embedding medium 
f o r  e l e c t r o n  mic roscopy .  J .  U l t r a s t r u c t u r e  Res. 26:31-43 .
Schmelz, G. W. 1964. A n a t u r a l  h i s t o r y  of  the  mummichog, Fundulus 
h e t e r o c l i t u s  (L in n aeu s ) ,  in  Canary Creek Marsh. M.S. T h e s i s ,  
U n iv e r s i t y  o f  Delaware,  65p.
Taga tz ,  M. F. 1968. F ishes  of the  S t .  Johns R ive r ,  F l o r i d a .
Q uar t .  J .  F l a .  Acad. S c i .  30 :25-50 .
26
T aga tz ,  M. F . ,  and D. L. Dudley.  1961. Seasonal occurance of
marine  f i s h e s  in  fo u r  shore  h a b i t a t s  n ea r  B eau fo r t ,  N. C . ,  
U .S .D . I .  F i sh  W i l d l i f e  Serv .  Spec.  S c i .  Rep. No. 390.
T a u b e r t , B. D.,  and J .  A. T r a n q u i l l i .  1982. V e r i f i c a t i o n  of th e  
fo rm at ion  of  a n n u l i  in o t i l i t h s  of largemouth b a s s .  T ran s .  
Am. F i s h .  Soc. 111:531-534.
Towle, D. W., M. E. Gilman^ and+J .  D. Hempel. 1977. Rapid
m odula t ion  of  g i l l  Na + K -dependent  ATPase a c t i v i t y  du r ing  
a c c l im a t io n  of  th e  k i l l i f i s h  Fundulus h e t e r o c l i t u s  to  
s a l i n i t y  change. J .  of Exp. Zoo. 202:179-186.
Uchiyama, J .  H . ,  and P .  S t r u s h a k e r .  1981. Age and growth of 
s k ip j a c k  tu n a ,  Katsuwonus n e l a m i s . and y e l lo w f in  tuna ,  
Thunnus a l b a c a r e s . as i n d i c a t e d  by d a i l y  growth increments  
of  s a g i t a e .  F i s h .  B u l l . ,  U.S. 79:151-162.
Weisberg ,  S. B . ,  and V. A. L o t r i c h ,  1982. The impor tance of an
i n f r e q u e n t l y  f looded  t i d a l  marsh s u r f a c e  as an energy source  
f o r  the  mummichog, Fundulus h e t e r o c l i t u s . Mar. Bio.  66 :307-  
310
W ein s te in ,  M. P .  1979. Shallow marsh h a b i t a t s  as primary 
n u r s e r i e s  f o r  f i s h e s  and s h e l l f i s h ,  Cape F e a r ,  North 
C a r o l in a .  F i s h .  B u l l .  77 :339-357.
W ein s te in ,  M. P . ,  S. L. Weiss,  and M. F.  W a l t e r s .  1980. M ul t ip le  
d e te rm in a n ts  of  community s t r u c t u r e  in  shal low marsh 
h a b i t a t s ,  Cape Fear  River e s t u a r y ,  North C a r o l in a ,  U .S .A . .  
Mar. Bio .  58:227-243.
Wohlschlag,  D. E . ,  J .  M. Wakeman. 1978. S a l i n i t y  s t r e s s e s ,
m e tab o l ic  re sp o n se s  and d i s t r i b u t i o n  of the  c o a s t a l  s p o t t e d  




Born in  East  S t roudsbu rg ,  P ennsy lvan ia ,  February ,  2, 1959. 
Graduated from Old Roches te r  Regional High School,  M a t t a p o i s e t t , 
M assach u se t t s ,  June ,  1977. Recieved a B.S. in  b io logy  from 
S o u th e a s t e rn  M assachuse t t s  U n i v e r s i t y ,  North Dartmouth,  
M assach u se t t s ,  June ,  1981. In  September,  1983, en te r ed  the  School 
of Marine Sc ience ,  College  of  Wil l iam and Mary as g rad u a te  
r e s e a r c h  a s s i s t a n t  in Marine Sc ience .
28
